Simona Rolli
Tufts University
(on behalf of the CDF and DO Collaborations)

HCP 2010: HADRON COLLIDER PHYSICS SYMPOSIUM
Toronto, August 23-27 2010




Outline

The Tevatron
— Status and records

Standard Model precision measurements

— From QCD physics to the top mass precision measurement
 And a window to new physics....

Higgs boson search
— Current high mass exclusion limits and the physics case for

running beyond 2011
Searches for BMS

— Signature-based searches
— Evidence for anomalous like-sign dimuon charge asymmetry

Conclusions

HPC 2010- Toronto, August 23-27 2010 Simona Rolli - Tufts University




The Fermilab Tevatron

The Fermilab Tevatroniis ...
...a Discovery Machine!
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Today the collider experiments have
collected 125 times more data than
what we used to discover the top
quark

Many new luminosity records set!
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The Tevatron Research Program

ISi ' T I, pp at s = 1.96 TeV
Precision Mesurements & New r 5 evatron Run at\s e
Discoveries I c

[}

*Mixing, CKM constraints and CP violation
*Heavy flavor spectroscopy

*New Heavy barions states

*Tests of Quantum Chromodynamics
*Precise Mesurements of the Top quark and
W boson mass

*Top Quark Properties

*Diboson production and SM gauge couplings
*New Exclusive/difractive processes

Harder to Produce

Harder to Observe

m Daily Data Taking Efficiency 19 April 2002 - 2 May 2010
s
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i @ =H===l CDF and DO are running
B ' SECESERRE AR at ~90% efficiency
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Precision Measurements and windows to new physics

e Test of QCD

— Inclusive Jets production
* PDF’s constraint and measurement of the strong coupling constant
* Dijet angular distribution and mass
e Top Quark
— Top Mass Measurement
— Anomalies in top sample
e Electroweak Physics
— W mass measurements
— Multiboson production
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Inclusive Jet Production

—«— CDF data (1.13 fb™)
[ ] systematic uncertainty
NLO pQCD

Midpoint: R=0.7,f, .. =0.75

antiproton
Iy1<0.1 (x10°)
500 600 700

0.1<]y]<0.7 (x10°) p#ET (GeV/c)

——

0.7<|y|]<1.1
CDF Data (1.13 ™)/ NLO

Collimated sprays of particles s et o) POF Uncartainty

originating from quark and gluon uE roepi<z (c10%) B Syvtratc twonaity
fragmentahon 100 200 300 400 500 600 700 I Including hadronization and UE

Phys. Rev. D 78, 052006 (2008) P (GeV/c) Midpoint: R=0.7, f,,.,=0.75

% 19F D@ Run Ii o |yl<0.4 (x32)
o 0.4<|y|<0.8 (x16)
0.8<|y|<1.2 (x8)

Sensitive to: RN, o orens
- i Eiop e  soie

Hard partonic scattering g T
strong coupling constant

proton’s parton content 4
—> unique sensitivity to high-x gluon

-6
10750 60 100 200 300 400 600

dynamics of interaction Phys. Rev. Lett. 101, 062001 (2008) Py (GeV/c)
- validity of approximations (NLO, LLA, ...)
- QCD vs. new physical phenomena
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Strong Coupling Constant

Measurement uses the P, dependence of the jet x-section
-x2 minimization of data/theory points
-22/110 points in the inclusive jet cross section used

-50 < P; <145 GeVl/c,
- high points excluded to minimize PDF
uncertainty correlations

- NLO+2 loop thresholds corrections

- MSTW2008NNLO PDF’s

/s N N 1104+0.0041
o (py) from inclusive jet cross section 4 as (MZ ) — O. 1 16 1 + 0.0048

in hadron-induced processes —

O H1
A ZEUS ' Phys. Rev. D 80, 111107 (2009)

o DO o(py) from inclusive jet cross section
in hadron-induced processes

+0.0041

(DY combined fit)

. DO
hadron collider !

B3 0,(M,)=0.1184+0.0007
(S. Bethke arXiv:0908.1135)

02 04 06 038 1
1/log(p/GeV)
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Dijet angular and mass distributions

Dlijet anqular @ DUTIO
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Limits on Compositeness & LED
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Diphotons

- Signature for very interesting physics processes
- Invariant mass distribution can be measured with good precision
-The direct measurement of the transverse momentum of the yy

system (qy) is sensitive to initial state soft gluon radiation

CDF Il Diphoton 5.4 fb" Dt
E>15,17 GeV, [y[<1.0, == Data
A R>0.4, Iso<2 GeV —— DIPHOX CTEQ6M
Preliminary HE=H = =MI2
- --- RESBOS CTEQ6M
PYTHIA scaled x2

do/dA¢ (pb/rad)
(-]

A window on new
physics: diphoton + X as
an example of model
Independent searches

DO, 4.2 fb™ (a)
3 * data
—- RESBOS
— DIPHOX
- PYTHIA
PDF uncert.
-- scale uncert.
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10° |I.I DZ6.31b" . yysample data
: SM + GMSB (A = 120 TeV)
SM + UED (R: =460 GeV)
—— SMyy
- WIZ + vy

l:l misidentified electrons
[ ] misidentified jets

Events / 2.5 GeV

20 250 300
Missing ET [GeV]
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Top Quark Physics

The Tevatron program explores all

top properties as well as sources of @ Top mass ) -
new physics Top spin »
TOp width \'\‘ W Vi neutrino
top quark production Topcharge JSNg &
- top pair production ﬂ B Asymmetry

- Single top production Ploy, . / Exotic production

top quark properties
- Mass, spin, width, charge

neutrino |

Y
clectron & \ u

top quark decay
- W boson helicity in top decays

- Probe the W-t-b vertex AR

v d v
W helicity o o
Wtb vertex

Exotic sources of top quarks
- Non SM top
- Forward-backward asymmetries
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Top Quark Mass

Top Mass is a fundamental parameter of the Standard Model

Due to the large M(top), quantum loops involving top quarks &
are important when calculating the theoretical value of w o w W e W
precision observables POROR, FOR JFOROX

Measuring the W boson mass and the top quark mass AM,, = InM,,
precisely allows for prediction of the mass of the Higgs
boson and constraint to new physics

Mass of the Top Quark
July 2010 (* preliminary)
Y March L:‘JU‘)
CDF-I dilepton 167.4 £11.4(:103-49) J
— LEP2 and Tevatron (prel.)
D@-| dilepton 168.4 £12.8(-123-38) 80.5 - LEP1 and SLD CDF Run 0/1 Qo,'\-—o—- 80.436 + 0.081
————
CDF-Il dilepton * 170.6 + 3.8 -22-3.1) 68% CL DO Run | Q,‘L ——&—— 80.478 + 0.083
———
D@-ll dilepton * 174.7 + 3.8 (z29-24) CDFRun Il ,T._‘ 80.413 + 0.048
—_——
CDF-I lepton+jets 1761+ 7.4 (=51-53 Tevatron 2007 QQO —— 80.432 + 0.039
A
@ s
D@-| lepton+jets 180.1+ 5.3 (-39-38) Run Il —— 80.402 + 0.04:
Q=
CDF-Il lepton+jets * 173.0+£1.2 (z07=1.1) n 2009 —— 80.420 +
—e—= | . | e )
D@-Il lepton+jets * 173.7 £ 1.8 z08=18) EP2 average . 80.376 + 0.033
— e .
CDF-I alljets 186.0 £11.5=100=57) World average XX 80.399 + 0.023
" e L 1 | Juy0o
CDF-Il alljet 1748 £ 25 (-17-1.
aliets FESCIT 80 80.2 80.4 80.6
——
CDF-Il track 175.3 £ 6.9 (-62-30) m,, (GeV)
Y
Tevatron combination * 173.3+ 1.1 z06=09)
(= stat = syst)
¥2/dof = 6.1/10 (81%)
| | | |

150 160 170 180 190
My, (GeV/c?)

200
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Anomalies in Top Sample

BACKWARD ~ FORWARD New physics could give rise to asymmetry (Z’, axigluons etc)
' Standard Model predicts: A-gz = 0.05£0.015 (NLO QCD)
/ 0 [ Top Reconstructed Rapidity |
P g .. 2 f ® DataL=32fb"
g“"; CDF Il Preliminary |l fiwitn A, 1553
120__ BKGR

oL

(| had

¢ Observed -
tt

Search for a heavy t-like quark, oo e

decaying to Wb in the same way 8 1oq} e o = data
a2 + t' (450 Ge! Oty e
aS top § g -:%t SOOGJ
[ W/Z+jets
[Jmultijets

||_l.
|HIH

0 200 400 600 800
100 150 200 250 300 350 400 450 _ 500
Hr (GeV) m;, [GeV]
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Diboson Production

*Diboson production is one of the least

Tevatron Run Il pp at [s = 1.96 TeV/c?

tested areas of the SM %

2 bz Whatsin 1% of  JE
*The triple gauge vertices are sensitive to 8 ol ‘:.\T. ;
physics beyond the SM é ; . et | ]
G 10% w | o= o i |
*SM diboson production share many f | |
characteristics and represent background 10¢ ww 3

to Higgs and SUSY searches 1 wZ -
© WW+WZ 101 Lo M
W Z Wy Zy WW wz 172 H= wWw

D0O: o (WW+WZ)=20.2 4.5pb evidence at 4.4c
CDF: ¢ (WW+WZ)=16.5 733 _,, observation at 5.4c
* WW+WZ+ZZ

CDF: o (WW + WZ+ ZZ) = 18.% 2.8(stat) £2.4(sys)
+1.1(lum)pb

SM prediction

=16.8 £ 0.5 pb (MCFM+CTEQ6EM)
observation at 5.30 significance
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Search for new physics in di

CDF run Il Preliminary 2.9fb™
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- P Ry

Technicolor scenario with
m(pr) < m(my) + M(W)
Excluded mass 208-408
GeV/c?2 @ 95% CL
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350 ’ 400
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The Higgs Boson

The Higgs mechanism generates the masses of particles...

...yet, ironically, it reveals no hint of what its mass would be

If the Higgs boson exists, its mass must be determined experimentally
Here’s what we’ve learned so far:

Based on a direct search at LEPII

1 aol-
‘m, > 114 GeV/c2 @ 95%CL SRS
i - 0.02749£0.00012

*According to precision electroweak measurements | Wi e owc om
‘my < 186 GeV/c? @ 95%CL .

Probing the mass range
100 < m, < 200 GeV/c?

is crucial ! This is exactly the range Excluded

where the Tevatron is
sensitive!

Preliminary
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Higgs Production and Decay

e Low Mass Higas

e High Mass Higgs

Major Tevatron channels
Part of a larger comprehensive
search program

70
X2 experiments

e WH — Ivbb

ZH — vwbb
e ZH =5 lIbb
o H — WW — Ivlv
- Total

120 130 140 150 160 170 180
Higgs mass (GeV)

_.
[=)

Production
gg—H

Cross section (pb)

Branching ratio

Threefold strategy
*Maximize signal acceptance
*Reduce background

*Employ multivariate techniques
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Many Analysis

CDF Run Il Preliminary, <L> = 5.6-5.9 fb™

E — WH+ZH+VEF +jjob 401 Obs — WH+ZH » 57m"° 5

g 3 LEP WH+ZH+VBF -|::)b 400" Exp === == \:‘:Q;:‘: -::EIE: :: o’ g:p

'E 10 Excl. ———  Hew23m70bs ———  WHbb2| 5715 Os

- e He»23 Exp = ===== WH «Ivbb2] 5.7 b " Exp

- ———  ZH-lIbb 5.7 fb" Obs ——  Hep5am’Obs .

2 | R wmsAED Both Tevatron experiments
WH—Ivbb3j 86 fb"" Exp "

2 102 L T tewwsanom are extremely active!

(=] 2t o w——  Combined Obs
Combined Exp

10
1 .
el it SM :Higgs Combination | | Observed E *
100 110 120 130 140 150 160 170 180 190 200 : 5 5 : : ~==== Expected

m,, (GeV/c?)

S
|

I Expected +lo

DO Preliminary, <L>= 6.1 fb"
| ! : [ ] Expected £20

95% CL Limit / SM

Standard Model = 1,0

100 110 120 130 140 150 160 170 180 190 200
July 19,2010 my, (GeV)
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Current Exclusion Limits

Although no single experiment can

currently exclude the Higgs arXiv:1007.4587

Tevatron Run II Preliminary, <L.>=5.9 !

LEP Exclusmn Tevatgr.on

=
N
=
k=
-
e
®
N
wn
=)

100 110 120 130 140 150 160 170 180 190 200
mH(GeV/c )

The Standard Model Higgs is excluded
in the range 158-175 GeV/c? at 95% CL
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Outlook for the future..

30 expected
100-180 GeV/c?

2011 Data
2.40 expected

O

>
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o
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Q

L0

o
>

L

0100 110 120 130 140 150 160 170 180 190 200
With Projected Improvements m, (GeV/cz)

Terrific motivation to collect data beyond 2011!!!
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Search for New Physics

*Signhature-based searches
—Dilepton
—Diphotons

—Complex final states (MET, jets, h.f.)

*Leptoquarks
SUSY

*Excitement in Flavor Physics
cAnomalous like-sign dimuon asymmetry

HPC 2010- Toronto, August 23-27 2010
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Dilepton final states

Old-fashioned mass bump hunt..

-Z production and decay into ee/uu precisely measured
-Lepton ID/Reco and Trigger efficiencies high and very

well understood

-Background low and easily determined (QCD fakes)

-Clean events

PRL 102, 031801 (2009)

.CDF Runllgef L=25f"
» é‘ T L —=—data
% [ |Drell-Yan
' maQcD
[l Other SM

* 100 200 300 400 500 600 700 800 900 1000
Mee) (GeVic)

The most significant region
of excess for an e*e-
invariant mass window of
240 GeV/c? (CDF)

2.5 standard deviations
above the SM prediction

DO does not see any
deviation from SM in ee
channel

Events / 10 GeV

220

1000 1200
M.. (GeV)
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Testing different models

Once the data spectrum is well understood in terms of SM background, from MC, the

acceptances for resonant states for different spin particles are derived (Z’, RS Graviton)
and the expected number of BSM events is calculated.

In the absence of an excess of data, 95% CL limits on production cross-sections and
mass of the particles are set.

DQ, 5.4 fb™

-

200 300 400 500 600 700 800 900 1000

£ o Observed
_ g e CL{ --Expected
=3 T .
g . N Z'ssm
= F SI0°E
0-? - A l -
>
x10¢ L N
@ F 3
& F '8
lé I m,. > 966 GeV (SM couplings) S10E
1 -
gr@ o | Mess > 850 GeV (k/M,, = 0.1)
- 95% C.L. limit N\
------- Expected I|m|t ;
P I I PP PP IPIPITITE PPN PPN I I P PR PR PERTTE PETTE PETEE PEETE S
o 800 9S00 1000 1100

17200 300 400 500 600 7

M, (GeV/c?) M, (GeV)
CDF 2.5fb"" -
- : g E DO Run Il Preliminary, 3.6f6" — Theory RS (WM, =0.1)
g [ = F — Theory RS (KM, = 0.07)
—~ [ . ? - Production ¢ x BR
Q2 I - B (95% CL - Observed)
o i V‘O, ) '0‘3\9 %1025 —— Production ¢ x BR
| - N o N E (95% CL - Expected)
%wz R .> 1.023 TeV (SM couplings) [Ells
= \
X L = 10
2 | \ mRSG > 786 GeV (k/MPl 0.1) AN
& 1 (b) :
o F . aa\ 1 . -
*—95% C.L. limit ™. N - DO0:3.6fb 1
: Expected I|m|t . C
107506300400 500 600 700 00900 7900 10306~ ~400 500 600 700 800 600 1000 1100 1200

My (GeV/c9)
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Dimuons final state

CDF has looked for bumps in the X—uu final state: no excess is observed

CDF Run II Preliminary 4.6 b

Model Mass Limit (GeV/c?)
Z 817
858
900
917
930
938
1071

. 200 400 600 800 1000 1200
M, [GeV/c?]

Limits are derived for other scenarios (2.3fb-1)
Sneutrino: up to 866 GeV/c? (A\2BR = 0.01),
RS graviton: up to 921 GeV/c? (KM, = 0.1)
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Diphotons final states

8 10° Data
< 1 O‘i B 'nstrumental background
; Total background
£ 10°
S .............. Signal: M =300,450,600 GeV, KM, =0.01
3107
)
B 10
é ’ D 54"
Z 10"
e (a)
3 . -
10 200 400 600 800 1000
M., (GeV)
%, 10° Data
(3 10° I Instrumental background
; Total background
;‘-:; L0\, P — Signal: M =300,450,600 GeV, k/M,=0.01
a 10
o 1 DZ 5.4fb"
3
£ 10
=z
107 L. - -
600 800 1000

200 400

M,, (GeV)
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Graviton KK excitation mass limits:
560 - 1040 GeV for 0.01 <k/MPI1<0.1

Y axis (coupling) — radius of curvature of ED in Planck w

E excluded at 95% CL

expected limit
B 00 PRL 100, 091802 (2008)

E‘[ 0.1

»0.09
0.08
0.07
0.06
0.05

"l 0.04

0.03

A‘Akkl

D 5.4 fb"

e e Lo b e b Lo Lo Lol

300 400 500 600 700 800 900 1000 11<00
Graviton Mass M, (GeV)

0

Small excess at 450 GeV/c? (diphoton)
2.30 significance - CDF does not observe it..
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Diphotons

10° Search for X— CDF Run Il Prelimina

—4— CDF, 5.4 fb'
4 4

—— Total background
400

m(yy) (GeV/c?) CDF Run Il Prelimina
[ Excluded at 95% CL

Expected limt
[ coF 1.1 o' PRL 99, 171801 (2007)

102

Jets faking photons

Entries/5 GeV

Largest excess at 200 GeV/c?
< 20 significance - DO does not observe it..

600 800
Graviton Mass (GeV/c?)
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Jets+MET final state:Lepto

The analysis is a counting experiment examining two different kinematic
regions (each region being more sensitive to different models) defined by
HT and MET cuts.

Cuts are not optimized for a specific model.

Main backgrounds:
-Z — v v + jets (irreducible background)

-W — /v + jets (with charged lepton lost)
—Residual QCD and non-collision backgrounds.

Data driven prediction

. | Background HNumber of Events ‘
M | Z->vv H 888 +/- 54 ‘ | Background Hf\'umber of Events ‘
§1°3§ - [ wowv [ 6942 W[ zZ>vv [ 864+-127 |
§ [ CormnMPemnay GO [l aton wouv [ vz W[ Woon | sewso |
g’ 10? _— \"x —— Observed Limit | Wey “ b l | Wk H o I
o E N } ] W>ev | 140+-22 |
2 E | z->11 [ 2044 ||M|
S - ---- Expected Limit | Top Production “ 74 +/- 9 l | Z->11 H 1.7 +-0.2 ‘
10 — |Diboson Production H 90 +/-7 ‘ | Top Production H 10.8 +/- 1.7 l
= —
- From Tight Sample | QCD [ 49+-30 | W |[Diboson Production | 4.9 +-04 |
- | Gammapluslet || 75+-11 || QCD | 90+-90 |
e | Non-Collision || 4 +/-4 (M| Gammapluslet | 48+-11 |
- FromLoose Sample | Total Predicted | 2533+~ 151 ||| Non-Collision | 10+-10 |
. I DI | DataObserved || 2506 (M| Total Predicted | 216.1+/-298 |
o0 %0 100 120 140 Le;:tf)(t]]uark1h::ss (Gi‘:lecz) | Data Observed H 186 I
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MET + b-jets: LQ and SUSY

>
8 10°:D0, L=5.2 fb™ — Data
o F e — b7, (130,85) GeV i, Jet
- 4 | — ‘-o- "'LQ3 240 GeV g 0‘
~ E - =0
] 10 F - on, U Z+jets ?.’ X1
 jpok % Wriets 6000,
Iﬂ g . LN I Top '\ 9
ol i ™ Diboson g 2V 1
10°F . Multijet b
10
C ! |
0

arXiv:1005.2222 [hep-ex

— E T I I <
S [ DO, L=52fb" (a) 2 DO, L=52fb! (b)
g - G 120~ .
1) —— LQ NLO cross section, B=BF(LQ —bv)=1 . P — Observed ' ’ :
5 " “X:. —— LQNLO cross section, B=1 - 0.35><FSp E ! * ® 100~  --Expected ng ?;p o\ ]
1 X —— Observed limits . % Do
E . § 80— — " N\_Runll B
E N, Expected limits ——— % // PN \{IO pb’
I § 60~ \ Ban B 7]
Z CDF \I 20 Rh \|
1 — Run | —
10" = N 40 i pb_1l !
B - | -
i 20 |
[ | | | N 0 | I L
150 200 250 300 0 50 100 150 200 250
Leptoquark Mass (GeV) Bottom Squark Mass (GeV)
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Multijets resonances

! CDF RUN Il Prellmlnary
1000 T T T T

900
800

7005

600

500— S
400=

Start with 6 jets selection , ‘ :
. . . 300— . ino-
- separate three-jet combinations that are 202: PY;':Q@?Z‘;@”'ME
potentially correlated using diagonal cut 100= - FRNSSSEENY o
_Optimize for each maSS point (b 100 200 300 400 500 600 700 %0 900 1000
Ip| [GeVic]
QCD background parameterized from 5-jet events |
Set limit on RPV gluino scenario
Most significant excess (20) near top mass (~1 event

expected from MC) CDF RUN Il Preliminary 3.2 fo"
_CDF RUN Il Preliminary 3.2 fb™' _

4‘— > Bjet Data

QCD Landau prediction
+ Gaussian fit
fixed at m=112 GeV/c’

Model independent search for pp—QQ—3j+3j=6jets

3 jet invariant mass [GeV/§

1

95% C.L. o observed
95% C.L. o expected

+ 1oon 95% C.L.
[ + 26 0n95% C.L.

(diagonal cut value 155 GeVic)

lHllllll |
G(PP — gg)x BIK(Gg — ©J) |PD)

..1..“11111[[.“.
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Like-sigh dimuon asymmetry

Matter-AntiMatter asymmetry
At the beginning of time matter and anti-matter were in equilibrium
Then something happened...

Antimatter completely annihilated..

One of conditions (A. Sakharov) required antimatter matter
to explain this process — properties of particles
and antiparticles must be different
(CP violation)

antimatter matter

CP-violation is naturally included in the SM via the CKM matrix

Many different measurements of CP-violation are in excellent

agreement with the SM t = today —
However the SM source of CP-violation is not enough to explain REELTRESGE matter
the imbalance between matter and antimatter

New sources of CP-violation are required to explain the matter

dominance
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Like-sigh dimuon asymmetry: Analysis

Goal of this measurement is to study CP violation in the mixing of the B, and By

systems - — —
The magnitude of CP-violation predicted by the SM is negligible  |ENEEGZRMIPEI Ll

Contribution of new physics sources can significantly alter the SM prediction

Semileptonic B decays contribute
to both A and a.

N,", N,-~ —number of events with two b hadrons decaying The correlations
semileptonically and producing two muons of the same charge in their backg round

One muon comes from direct semileptonic decay b — 4 X uncertainties allow for a very
Second muon comes from direct semileptonic decay after neutral B precise measurement
meson mixing: B° > B° - u~X
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Like-sigh dimuon asymmetry: Results

Advantage is taken of the correlated background contributions and obtain A, from their linear

combination
A’ =A—-aa The coefficient a is chosen as to —
minimize the uncertainty of A P E *

7 +
EN— N

A’ = (—0.957 + 0.251 (stat) + 0.146 (syst) )%

3.20 (99.8% C.L.) disagreement with SM

This analysis measures A°_ as a
linear combination of ad
HDo A,

A’ =0.506 a’ +0.494 a,
= Standard Model

Which are in agreement with other measurements _0.03 — B Factory W.A.
=DO B D, uX

-0.04-0.03-0.02-0.01 0 0.01 ‘
a
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Conclusions

e The Tevatron is a Discovery Machine.

— Despite its age, it keeps performing very well and with increased
luminosity records

A wide range of physics processes are studied:

— Precision measurements in QCD jet physics
* The most precised hadron colliders measurement of o,

— Precision measurement of the top quark and W masses
 Known now at < 1% experimental precision
e Critical input to EW theory fit for Higgs boson mass
— Searches for new physics
* Small cross-section phenomena now accessible due to large luminosity
e Evidence for new physics in B, mixing
— CDF and DO are working very hard to discover the Higgs

* Evidence for it in the mass range favored by current theoretical fits of EW data
is within reach at the Tevatron especially if the machine will continue to run
past 2011
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Top Quark Mass Measurements

The most advanced measurements are using complete Matrix element information as
well as multivariate techniques to distinguish signal from background

ME Method: S\
Define the (x)=t
probability P, that

the observed Po(X)=
kinematics arise

from pOSSible Signal Parton distribution @ Differential cross section @ Transfer Function: maps parton level (y) to
or bkg kinematics at functions reconstructed variables (x)

parton level, then
maximize [ Neural network discriminant ]
L=|'|Pevt(wa, JES,

ftop(Mtop’ JES))

P,.(X, mt,JES)+(1—ftop)Pbkg()?,JES)

top ' sig

1

\ \ - .12 . — (-
mjf(QLJdQlf(qZ]dQZX'M{.Y]' $(y)dyxW(x,y;JES)

°
N
[

—— signal m=160
—— signal m=170

Event fraction
e
-
|

—— signal m=180
---- W+bb background
W+light background

DO (3.6 fb") Lepton + Jets Matrix Element Technique 000 bakgruns
M_ =173.7 + 0.8(stat) + 0.8(JES) + 1.4(syst) GeV/c? i

to

01 02 03 04 05 06 07 08 09 1
Neural net output

CDF (4.8 fb") Lepton+Jets, Multivariate:
Mtop =172.8 + 0.7 (stat) £ 0.6 (JES) = 0.8 (syst) GeV/c2=172.8 + 1.3 (total) GeV/c?
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High Mass Higgs (H—=WW)

Several orthogonal samples used to
maximize acceptance/sensitivity:

All production modes

Various decay signatures

Trained independently for each Higgs mass point
hypothesis and orthogonal channel (and jet multiplicity

NN adds in pt of dijet system

CDF Run Il Preliminary [L=san’
- OS 2+ Jets

NN adds MET cut, lepton
prs, no LO matrix
element due to extra jet

NN using LO matrix
elements probabilities. CDF Run Il Preliminary
transverse energy FOS 1 Jet, High S/B
dod(I1,12), dR(11,12) M= 160 Gevic*

3
I3
~
2] L
§
Iﬁ

95% C.L./Gg,,

Events / 0.05

CDF Run |l Preliminary

EOS 0 Jets, High S/B
E M, = 160 GeV/c”

- Standard Model

[ |}
NIT3E
T T
—
+—

o-1 08 -06 -04 -02 0 02 04 06 08
NN Output

o Observed (Expected) Limits at
160: 1.32 (1.05

N Output i 165:1.08 (1.00

3 mz 170: 1.28 (1.20)

-1 08 06 -04 02 0 02 04 O.GNN%?"pmi S/B=32/1840 Ooww

Events/0.05

38 5 2 Sy

110 120 130 140 150 160 170 ‘180 ‘190 200
Higgs Mass (GeV)

+10 008
gzzenaas

o o
T
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Other Leptoquarks Results

1 Generation

LQ LQ—ee*qq

LQ E—>e’ﬁve qq,

LQ LQ-v,v,qq
e

LQ E—wuvll qq

2" Generation
LQ LQ-pp qq

LQ LQ-pv, qq,

Scalar leptoquark

? 1
=
g
1 0.8
=
[41]

E:

BR(LQ — eq)

B=

SIS S
;////////////////

]

04

0.2

280

Phys. Lett. B 681, 224 (2009)
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